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Abstract. TENORM (technologically enhanced naturally occurring radioactive material) is 
the natural radioactivity due to human activity or process technology has increased the 
potential radiation exposure, compared to the initial state. TENORM focuses on the results 
of the waste industry. Testing the existence of TENORM in the industry has been made on 
the LNG plant in Aceh. The study aims at observing chances TENORM contamination at the 
factory working environment. The study was done by using Phytoremediation uses kale 
plants growing around an industrial environment. The analysis is done by calculating 
transfer factors from waste radioactive material into kale plants by comparing the results 
on the industry instead. The results showed that the value of measurements on samples of 
chopped watercress growing in the industry is higher than the count values in the samples 
grown in the industry instead. Increased count values above 100% when measured in the 
roots, stems and leaves. It is informed that the radioactive contamination of the 
environment from the possible gas industry TENORM contaminated presence in the 
neighbourhood. 
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Introduction 
TENORM, in accordance with its meaning, is a radioactive material derived from 
nature (rocks, soil, and minerals) and concentrated or increased content of radioactivity as 
a result of industrial activity. TENORM is found in uranium mining, phosphate fertilizer 
production plants, oil and gas, geothermal energy production. Since 2002, BAPETEN carry 
out a nationwide survey of the mining industry and to estimate how many actors who 
generate TENORM with a significant quantity of radiation safety standpoint (Akhadi, 2009). 
To review the TENORM contaminated the environment which includes water and soil, can be 
identified with the technique phytoremediation, using plants that have more ability to 
absorb the elements contained in the soil and water. Some plants have been conducted to 
test its ability to absorb various radioactive substances such as water hyacinth and lettuce 
plants India (Setiawati, E. 2004). The ability of organisms to accumulate radioactive 
materials so that the concentration in biota, far above the concentration of media is a 
pathway of radioactive materials used for the study of biological indicators in the case of 
radioactive contamination in the environment. 
Water Spinach is one of the biota and includes aquatic plants can theoretically 
absorb water and radioactive elements contained in it so it can be used as a bio indicator 
and depolluting on radioactive waste. In the area of industry research kale plants grow 
naturally. Based on this research the possibility of TENORM industry on the environment by 
using kale that has been living in the vicinity of waste disposal as phytoremediation. 
Observations made include how much transfer factor of TENORM in the roots, stems, and 
leaves as well as the growing medium kale growing in the industry, as well as comparison 
samples taken from outside the region kale outside the industry. 
The presence of TENORM in the mining/industry can be formed as concentrated 
radioactive materials through the production process. Scale (scale) are attached to the pipe 
(hardening of salt on the surface of oil and gas pipelines), residues and sludge (sludge) is 
an object or a place where TENORM can be found. TENORM can be either raw materials or 
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by-products (by product), either in the form of gas, solid (scale and slag), mud, a thin layer 
(film) or liquidENORM is a natural radioactive substances due to human activity or process 
technology have increased the potential radiation exposure, compared to the initial state 
that focuses on industrial process wastewater results. Radioactive substance is radioactive 
material in the form of a physical nature. TENORM, in accordance with its meaning, is a 
radioactive material derived from nature (rocks, soil, and minerals) and concentrated or 
increased content of radioactivity as a result of industrial activity. TENORM is found in 
uranium mining, phosphate fertilizer production plants, oil and gas, geothermal energy 
production (Yusdia, et. al). Since 2002, BAPETEN carry out a nationwide survey of the 
mining industry and to estimate how many actors who generate TENORM with a significant 
quantity of radiation safety standpoint. 
 
Materials and Methods 
The sample used in this study were Watercress (roots, rootstock, the stems and 
leaves) of soil and waste (liquid) taken from a landfill gas plant at one industry in Aceh. As 
a comparison, samples were also taken from the environment and not the gas industry 
(location Banda Aceh). Then the samples were separated in the container, weighed weight 
of each sample weighing 20 grams. Samples were cut to get the roots, rootstock, the stems 
and leaves. The next section was weighed and put into containers. Sample enumeration 
performed using scintillation detector. Enumeration for each sample for 1 hour 
a. The container containing the sample 
b. scintillation detector 
c. census taker 
d. stop watch  
e. Fertilization and incubation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Set up experiment 
 
 
Results and Discussion 
The results of measurements of soil samples taken in the gas industry shows 
TENORM contamination has occurred. Nevertheless the gas industry has been doing 
business with good industrial waste. This decision is based on the value obtained in samples 
of counter count kale in the environment industry (K1) higher than  with the counter count  
obtained in soil samples and not the gas industry (K2 and K3). To be able to compare the 
value of the high activity of the samples from the three areas could be observed in Figure 2 
with a measurement time of 3600 s intervals  
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Figure 2. Sample counting in liquefied natural gas area and non-region industries  
Banda Aceh 
Analysis of measurements during 3600 s is observed that the value of  waste, soil, roots, 
rootstock, the stems and leaves in the environment around one of the former mining area 
of liquefied natural gas area (K1) higher than non-region of industries Banda Aceh (K2 and 
K3). The presence of TENORM in the mining/industry can be formed as concentrated 
radioactive materials through the production process. Scale are attached to the pipe 
(hardening of salt on the surface of oil and gas pipelines), residues and sludge (sludge) is 
an object or a place where TENORM can be found. TENORM can be either raw materials or 
by-products (by product), either in the form of gas, solid (scale and slag), mud, a thin layer 
(film) or liquid, as in Figure 2 
 
 
 
 
 
 
 
Figure 3. TENORM 
Table 1 gives the information that the formation of TENORM due to the presence of 
NORM in industry after the industry used in the long time term.  Not all oil or gas refineries 
produce large TENORM concentration, depending on the location. When the pressure falls 
naturally in the soil, the water in the reservoir will be extracted together with oil and gas. 
Most of radium and children luruhnya will dissolve in water and move along the water to 
the surface. Due to the nature of radium are similar to the properties of barium and 
calcium, it also forms a precipitate radium complexes with sulphate and carbonate as well 
as barium and calcium. 
The rate of exposure depends on the geographical location and the type of 
equipment. The rate of secondary exposure to air handling equipment around ~ 0.261 to 
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0.348 µSv / h. For gas appliances then the exposure rate of approximately ~ 0.348 to 
0.609 µSv / h. But sometimes encountered exposure rate exceeds ~ 8.7 µSv / h. TENORM 
in mud contaminated water is almost the same as the crust. Deposits that occur in the form 
of oil, and mud are sometimes containing compounds of silica and barium compounds.  
(Rusdiyan et al., 2006). 
 
Table 1. Summary of the survey results (identification) NORM in the Oil and Gas industry 
mines. 
Mine radionuclide  Activity Bq/g µR/jam  Location  
 
Oil and Gas 
Ra-226 
Ra-228 
Th-228 
K-40 
0,009 ~ 75,376 
0,021 ~ 76,246 
0,001 ~ 48,811 
0,011 
10~ 
2200 
Tanks, 
pipes, 
and 
materials 
former 
process 
Max value 
for 
scale in 
pipe 
form 
 
 
Figure 4.  Percentage K1/K2 and K1/K3. 
The presence of TENORM in the gas industry has been done by using 
phytoremediation use kale plants are growing region. K2 kale sample count values can be 
seen in Figure3. To count values waste at K1, K2 and k2 is the media where watercress 
grows naturally. Comparison of the activity of the spinach samples were measured during 
the time interval 3600 s is presented in Figure 1. Comparison of activity concentration 
samples K1 to K2 and K3, can be calculated using the percentage ratio (K1/K2) and 
(K1/K3). Comparative activity and K2 K1/K2 Samples/3 can be seen in Figure 3 
Based on figure 3 it can be seen that the percentage of samples K1 to K2 and K1 to 
K3 for 3600 s measuring more than 100% in all samples. With the price increase 
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percentage to exceed 100% compared to the sample values obtained in uncontaminated 
environments. Be informed that the contaminated spinach had a very high activity this is 
caused from the environment in which to grow kale that has been contaminated and can 
harm the living environment, the 
Transfer factor 
Data counts from each sample were used to calculate the switching activity of 
radioactive waste into the soil and plant kale. Heavy union activity is called concentration. 
Data radionuclide concentrations in soil and plant parts are used to calculate transfer 
factors. In this study also determined that the transfer factor indicating the ability of plants 
to absorb nutrients from the soil. Transfer factor values are used to determine the ability of 
plants to absorb, transfer and accumulate radionuclides from the soil. Transfer factors from 
soil to plant is an important process in relation to the process of phytoremediation (Tjahaja, 
2007) the concentration of nutrients in the plant compared to the concentration of nutrients 
in the soil to plant kale shown in Figure 5. 
 
 
Figure 5 Counter transfer factor kale. 
K1 kale plant transfer factor transfer factor values appear relatively high, i.e. more 
than 1 (one). According to researchers from the company Edenspace, a cleaning company 
that develops environmental phytoremediation methods, transfer factor is more than one is 
the lowest threshold of a plant called the accumulator elements. On the value of transfer 
factor is more than one, the number of elements that accumulate in plants is greater than 
in the soil or waste, so that the mass of plants that must be disposed of as waste less when 
compared to the amount of land to be transferred to the same contaminant concentrations. 
In accordance with the theory if the value of high activity and more than one then the 
sample is contaminated with radioactive elements in the environment (Chussetijowati, 
2009). 
The kale plant transfer factor values K3 looks not all samples have a value of more 
than one transfer factor but will also be more than one dominant and close to one. Then the 
sample can be known to be contaminated with radioactive material elements in the 
environment and the plant is able to absorb radioactive elements from the environment. In 
the analysis of transfer factor transfer factor values were highest in samples K1 this proves 
that the samples were contaminated with environmental K1. This shows that the sample 
has been contaminated with radioactive material. 
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Research on the accumulation of radioactive uptake from the environment by using 
some plants have been carried out previously by several previous investigators. Study of 
water hyacinth (Eichornia crassipes) as fitoremedia 134Cs (Setiawati Evi, 2004). Observing 
the first five days of 134Cs was accumulated in the roots, while the activity of the 
radionuclide 134Cs in the non-root is still low. This is understandable since the beginning of 
the process of absorption of food through the roots. Over time observation of radionuclide 
concentrations increased root section, this is because the food is absorbed by the roots of 
plants are distributed to plant parts such as leaves and stems. 
 
Conclusions 
At the disposal of industrial waste PT. Arun has been contaminated with TENORM. 
Watercress is an aquatic plant for phytoremediation techniques, because kale is able to 
absorb radioactive materials from the environment. Score the highest activity found in the 
roots of Kale plants grown on sewage gas industry is equal to 0.587 Bq/g. This value is 
found in violation of the rules of the licensing and regulation of TENORM materials issued 
BAPETEN. 
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